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ABSTRACT 
 
 
Diet and health are becoming an increasingly important topic in all aspects of 
society, politics, and everyday life. A growing concern is obesity, which is marked 
by a large number of circulating fatty acids. This increased number of fatty acids 
may alter a body’s systems such as immune responses. This makes it even more 
important to scientifically study the effects of one’s diet on several factors such 
as disease, inflammation, and the gut microbiota. Several studies and 
hypotheses have been performed and proposed, respectively, to find the 
underlying implications of a high fat diet. Some studies explore the similarity 
between fatty acids and bacterial antigens, and their resulting stimulation of 
similar cascades. Others explore the effects of diet on the gut microbiome which 
has many implications in the context of disease. It has been shown that the 
microbiota share a relationship with the host that is usually beneficial, but 
alterations may cause it to become harmful to the host. This manuscript aims to 
explore these studies and analyze their results, as well as the many connections 
between them. It also aims to connect these studies with those that explore the 
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far-reaching results of diet, such as the effects it may have on one’s offspring. 
These effects include disease susceptibility and alterations in the gut microbiome 
in the offspring.  
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 1 
INTRODUCTION 
 
 
 The frequency of sepsis, autoimmunity, and allergic diseases in western 
societies continues to increase (1). Sepsis, for example, is still the primary cause 
of death from infection (World Sepsis Day). Lipopolysaccharide (LPS), or 
endotoxin, is a component of microbial cell membranes, and is the main signaling 
mechanism deployed upon introduction of a foreign microbe to the body. It acts 
through Toll-like receptor 4 (TLR4) which is part of a group of receptors found on 
cells of the immune system and which stimulate the body to react to the 
microbes. The gut contains protective bacteria called the microbiome, or 
commensal flora, that provides the body with vitamins and maintains 
homeostasis.  
 
 For the past few decades, the diet of western societies has changed 
immensely. The so-called “Western diet” is associated with a higher caloric 
intake and dietary fat. This diet has been linked to an increase in both immune 
mediated and metabolic disease (2). Fatty acids have been linked to different 
pathways that eventually affect LPS and the microbiome, and thus induces the 
body to react as it does when it encounter foreign microbes (3).  
 
 The literature shows several different mechanisms through which fatty acids 
stimulate the immune system in autoimmune, septic, and allergic disease. Fatty 
acids have also been linked to disease by their effects including altering the cell 
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membrane of several cells and also by direct action on immune cells. For 
example, they have been shown to affect the fluidity of the cell membrane, as 
seen in Figure 1, which illustrates fatty acid mechanisms to induce inflammatory 
cell responses (5). Several studies have shown that fatty acids may cause 
disease by mimicking the effects of LPS on the body through signaling of TLR-4 
(3).  When LPS activates TLR-4, a signaling cascade begins that ultimately 
results in increased cytokines and an increased immune and inflammatory 
response. When fatty acids mimic LPS, the TLR-4 signaling pathway is activated 
and results in the same mechanisms as if the body had actually interacted with 
LPS from a microbe. This induction of the immune system results in disease. For 
example, in obesity fatty acids are present in large numbers. Through their 
interaction with TLR-4, they have been shown to produce inflammatory signaling 
(4). This provides a link between obesity and inflammatory diseases.   
 
 Alterations in the gut microbiota can be extremely detrimental to the 
individual. While the bacteria involved exert protective functions, they are 
ultimately foreign microbes and any break in the epithelial barrier of the gut or 
increase in permeability can cause interactions with their components which can 
stimulate the immune system. Fatty acids have been shown to increase the 
permeability of the gut to LPS from microbes which can lead to systemic 
inflammation (6).  
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 Although the majority of the literature links fatty acids with disease, it must 
still be noted that fatty acids have a beneficial role in nutritional well-being as well 
(7). For example, saturated and unsaturated fats can have dual roles, one 
promoting inflammation and the other not, which will be described below.  
 
 Through the exploration of human nutrition, the microbiome, and the effects 
on the immune system such as in inflammatory disease, we can further the 
analysis to include the effects on offspring. The literature has shown that a 
mother’s microbiome can be passed on to the offspring. Kau et al explains that 
the microbiome is something that is passed down from mother to child. This 
seems to occur at the time of birth (2) but may even occur while the fetus is still 
in the womb (24). If this microbiome is being passed from mother to child, it is 
likely that certain exposure the mother has can lead to effects in the child. The 
effects of alcohol and cigarette smoking on children during gestation are a 
popular societal notion. Women have been educated on the detrimental 
consequences these two exposures can have while the child is still maturing in 
her womb. However, the detrimental effects of diet on offspring is an open field, 
with much potential for critical results. 
 4 
 
 
 
 
 
Lipopolysaccharide (LPS) and Toll-like receptor 4 
 Lu et al. describes toll-like receptors as “germline-encoded receptors 
expressed by cells of the innate immune system that are stimulated by structural 
motifs characteristically expressed by bacteria, viruses and fungi known as 
pathogen-associated molecular patterns (PAMPs). Several different types of toll-
like receptors have been identified, with the corresponding molecule that 
activates them. For example, viral DNA stimulates TLR9 while double stranded 
Figure 1. Fatty acid mechanisms to induce inflammatory cell responses. 
Fatty acid exposure stimulates several sensors/receptors. It also affects the 
membrane composition, such as in fluidity, of many cell membranes. These 
stimulatory affects ultimately lead to both extracellular and intracellular 
signaling which affects the overall cell response, or inflammatory response. 
These compile to cause disease states in many individuals (Figure taken from 
Calder, 2011). 
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RNA interacts with TLR3 (8). The authors also go on to explain that when these 
receptors are stimulated, certain cytokines related to inflammation are stimulated 
as well, in addition to specific cells of the innate immune system. These cells of 
the innate immune system are called antigen-presenting cells (APCs). These 
cells take up antigens, engulf them, and then through a specific process place a 
piece of antigen on their surface. This is to show the antigen to immune cells in 
the body, and in this way they may react with the APCs to cause a further 
cascade of the immune system. This cascade involves the recruitment and 
aggregation of immune cells such as neutrophils, macrophages, and 
lymphocytes. In addition, APCs activate the release of cytokines, which further 
recruit more immune cells, or conversely trigger control responses to regulate the 
immune response. They may also interact with killer T cells which will, as the 
very name states, kill the associated cell presenting the antigen using another 
specific process. Thus, toll-like receptors are involved in the immune response to 
antigens.  
 Several molecules have been shown to stimulate TLR4, including LPS, 
which is a part of gram-negative bacteria. Thus, the TLR4 is like a sensor in 
detecting an invading pathogen such as bacteria and causes an appropriate 
response by the immune system. There are three parts that make up LPS. One 
is the called lipid A which is actually the PAMP of LPS (8). The second part of 
LPS is the core oligosaccharide. And finally the last part of LPS is the O side 
chain. 
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Figure 2: The cascade of LPS/TLR4 signaling and the molecules 
involved. When the body is exposed to LPS, such as when exposed to gram-
negative bacteria, LPS binds to the LPS binding protein (LBP), then the cluster 
of differentiation 14 (CD14), as well as myeloid differentiation factor 2 (MD-2). 
This signaling can then go two different paths, either MyD88 dependent or 
independent (Figure taken from Lu, 2008). 
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  As seen in Figure 2, the cascade of LPS/TLR4 signaling and the molecules 
involved, LPS stimulation involves a variety of molecules that ultimately leads to 
proinflammatory cytokines and type I interferons. These are molecules involved 
in a body’s immune response. LPS first binds to LPS binding protein (LBP). 
These two molecules interact directly and as a result, this binding helps LPS 
interact with CD14. CD14 then assists in the transfer of LPS to the TLR4 and 
MD-2 receptor complex. CD14 also ensures that LPS is recognized correctly by 
the immune system (8).  
 
 Studies have shown that CD14 is actually needed for the transport of TLR4 
to other organelles and to membranes (9). CD14 was shown to stimulate the 
endocytosis of TLR4. Zanoni et al also showed that in specific cells called 
dendritic cells, which are part of the innate immune system and also considered 
antigen presenting cells, the induction of endocytosis by CD14 is actually 
upregulated once an antigen is present. Due to the importance of TLR4 transport 
to membrane and organelles, and the importance of TLR4 stimulating the 
immune system, the study of these receptors and associated proteins is 
extremely important. The process is illustrated in Figure 3 (9).  
 
 
Figure 3:  CD14 and its role in the endocytosis involved in TLR4 
signaling. When LPS binds to its LPS binding protein, it stimulates a cascade 
of events that ultimately stimulates the release of cytokines and production of 
interferons. The other molecules 
transfer of toll-like receptors to other organelles and membranes. For example, 
CD14 has been shown to be the major inducer of endocytosis of the TLR4 
receptor complex once it has been induced. CD14 first directs th
can be part of a gram-negative bacteria, to the TLR4 and MD2 receptor 
complex. Its next role is to endocytose this complex and into an endosome.  
This later leads to the stimulation of interferon production
Zanoni, 2011).  
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involved are extremely important for the 
e LPS, which 
 (Figure taken from 
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  The next few molecules involved in the TLR4/LPS signaling are known as 
adaptor proteins. They include TIRAP, TRAM, TRIF, and MyD88. These help 
attain the ultimate signaling which is the stimulation of proinflammatory cytokines 
and type I interferons (8). This signaling pathway is extremely crucial to study 
because it can lead to an enormous amount of inflammation including chronic 
diseases involved with inflammation, as well as sepsis.  
 
The Microbiome 
 Many studies, such as Kau et al. and Cho et al., have explored the crucial 
and important relationship between the immune system, both innate and 
adaptive, and the gut microbiome. The microbiome is a term used to embody all 
of the microbial organisms present in one’s body system. The microbiota, or the 
microbial organisms, predominate in different parts of the body.  
 
 It is important to study the microbiome for several reasons. For example, by 
studying the microbiota present in specific parts of the body, such as at the 
vagina, scientists can target disease risks associated with these particular 
microbiota in the targeted area. The microbial-host relationship is balanced, and 
alterations to this balance can lead to disease or susceptibility to disease. This is 
because the microbial-host relationship is involved in many host functions 
including reproduction, metabolism, and immune defense (10). For example, the 
gut microbiota assist in homeostasis by providing the host with vitamins and 
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other defense capabilities that helps maintain the host’s health.  
 
 The anatomical taxonomic variation is shown in Figure 3. The taxonomic 
phyla listed are Actinobacteria, Firmicutes, Proteobacteria, Bacteriodetes, 
Cyanobacteria, and Fusobacteria. These proportions were found from 
complicated high-throughput sequencing. The microbiota present in each 
anatomic site varies in proportion and number. For example, in the stomach, the 
Proteobacteria dominate. On the other hand, in the hair, nostril, and skin, the 
Actinobacteria dominate. These proportions and variation of taxonomic phyla can 
be altered by certain occurrences, such as an enteric infection or the presence of 
antibiotics. Across humans and across different species, variation exists amongst 
the composition of the microbiota (10).   
 
The Microbiome and Disease 
 Cho et al. delve into several different types of disease states and their 
relation to the microbiome. The microbiome seems to shift in these disease 
states, signifying it’s involvement. It seems that studies are still fairly preliminary, 
but with the advances in high-throughput sequencing, there is hope that more will 
be discovered pertaining to the relationship between the microbiome and disease 
susceptibility (10).  
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Figure 4: Taxonomic phyla and their anatomical locations. There is much 
variation in the composition of microbiota in specific anatomical locations. 
High-throughout sequencing was performed to find proportions. This 
information is important in understanding health risks associated with 
microorganisms. If Helicobacter pylori is in the anatomical site such as in the 
stomach, or if it is not in the anatomical site such as in other parts of the 
stomach, this leads to variation in the composition even further (Figure taken 
from Cho, 2012).  
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The Microbiome and the Skin  
 In Cho et al.’s analysis, three skin diseases states were explored. These 
were psoriasis, atopic dermatitis, and chronic skin ulcers. Psoriasis is a skin 
inflammatory disease and a shift in the microbiota was seen when samples from 
psoriatic skin was studied. Similarly, in atopic dermatitis, the frequency with 
which it arises in places with similar microbiota environments brings up the 
possibility of a role of the microbiota in the pathogenesis. Finally, in chronic skin 
ulcers, a similar shift seems to occur (10).   
 
The Microbiome and the Stomach 
 The existence of H.pylori in the stomach has had many implications in 
different disease states such as peptic ulcer disease (10). This relationship 
between shifts in microbiota and disease states is especially important in the 
stomach due to the rising number of peptic ulcer patients seen.  
 
 Table 1 shows several other disease states and the relevant microbiota 
details associated with each.  
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Fatty Acids 
 Fatty acids are extremely important molecules for all species. They are 
involved in a variety of functions in the body, including involvement in 
metabolism, function, and structure. For example, fatty acids are components of 
the cell membrane. When combined with other molecules, such as alcohols, they 
can become phospholipids, or they can become triacylglycerols (5). 
Phospholipids make up the standard eukaryotic cell membrane, and they are 
Table 1: Different diseases and their associated shifts in microorganism 
compositions. Table taken from Cho, 2012. The table shows the 
significance of microbiota in different disease states. From skin disorders like 
psoriasis to gut disorders like inflammatory bowel disease, the microbiota are 
prominent in a variety of disease cases. It is important to study theis 
relationshiop to better understand how to target the microbiota for health 
benefits and decreasing health risks.  
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very useful because of their hydrophobic and hydrophilic properties.  
 
 Fatty acids have a typical structure that consists most readily of a 
hydrocarbon chain, a carboxylic acid on one end, and a methyl group completing 
the other end. The carboxylic acid, with the structure of COOH, is what allows the 
fatty acid to react with other groups such as alcohols. The methyl group 
contributes to its hydrophobic properties. Fatty acids are then divided into two 
groups based on if they have double bonds present, or if there are no double 
bonds and only single bonds. The first group, those with double bonds present, 
and sometimes with more than one double bond, are called unsaturated fatty 
acids. If there is more than one double bond, they are called polyunsaturated 
fatty acids (PUFA). On the other hand, if the fatty acids do not contain any double 
bonds at all, they are called saturated fatty acids.  
 
 The two most common dietary PUFAs are the omega-6 (n-6) PUFA and the 
omega-3 (n-3) PUFA. Linoleic and alpha linolenic acids are examples of these 
(5). These are present in butter related products such as margarine and oil. 
According to Calder, these make up almost the entire PUFA intake in diets eaten 
by people in the West. The body converts these fatty acids into ones that can 
then be digested by the body, since linoleic and alpha linolenic acids cannot be. 
In Figure 5, this process of converting primary PUFAs into digestible ones is 
shown.  
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Specific Aims 
 According to the Centers for Disease Control and Prevention, the US diet 
has increased in the percent of kilocalories from carbohydrate, as well as the 
Figure 5: The breakdown of two polyunsaturated fatty acids, linoleic acid 
and alpha-linolenic acid. The body cannot break down linoleic acid and 
alpha-linolenic acid. To solve this problem, the body changes or metabolizes 
these fatty acids into different ones, such as docosahexaenoic acid, also 
called DHA frequently. In the process, double bonds are added to the long 
hydrocarbon chain. In addition, the chain can be elongated so what results is a 
longer fatty acid with more double bonds. These resulting fatty acids can be 
broken down by the body (Figure from Calder, 2011).  
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mean energy intake in kilocalories (32). Along with this change in diet, there has 
been an increase in inflammation and other disease states described above and 
below. This suggests a correlation and emphasizes the importance of studying 
the diet in the context of disease. As shown in previous studies (discussed 
below), fatty acids have an enormous impact on the susceptibility of individuals to 
different diseases including allergic disease, sepsis, and autoimmune diseases. 
Many studies agree to and show the relationships between fatty acids, LPS, 
TLR-4, obesity, and inflammatory diseases (2). This manuscript aims at 
describing these relationships piece by piece, but also aims at extending the 
current research about these relationships to include their role in relation to 
offspring. 
  
 The microbiome is passed down from mother to child and the immense 
body of evidence linking the microbiome to disease susceptibility and 
pathogenesis exemplifies the importance of exploring this field as well. Does the 
microbiome affect an offspring’s disease susceptibility? Does the mother’s diet 
affect her microbiome and in turn affect her offspring’s?  
 
 To answer these questions, this manuscript delves into the details 
associated with fatty acid intake and diet and its relationship to inflammation, its 
relationship to the microbiome, and its relationship to an offspring and their 
inflammation and microbiome. By crossing generations, the significance of this 
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field is illustrated. It is especially important with the growing concern of our 
society with health, health benefits and risks, and the association of diet with 
one’s health.  
 A very relevant subject is obesity. According to a study by the Centers for 
Disease Control and Prevention, in 2009 to 2010, 35.7% of U.S. adults were 
obese, as seen in Figure 6 (11). That is more than one-third of adults in the 
United States. Labeled as a disease now by many physicians and politicians, the 
growing epidemic is becoming increasingly alarming in society. Because of this, 
throughout the manuscript obesity will be touched on to exemplify the direct role 
of diet and disease and its effects on the immune system. If diet affects 
inflammatory disease and the microbiome, and those in turn affect offspring, it is 
crucial to undergo an analysis of these fields and their implications in the world 
today.  
  
 
DIET, FATTY ACIDS, AND INFLAMMATION
 Inflammation is a process in which 
antigens by activating the immune system. Immune cells are recruited, cytokines 
are released, and together the machine that is the body works to fight infection, 
disease, and any foreign microbe. Other molecules release
and chemokines. In addition to re
acts to restore the tissue, both physically and functionally. 
 
Figure 6: Obesity bar graph for US adults, 2009
years 2009-2010, about 35.7% of 
obese (Figure taken from Ogden, 2012)
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the body attempts to protect 
d include eicosanoids 
cruiting cells and cytokines, inflammation
 
-2010. From the 
US adults were considered 
  
 
itself from 
 also 
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 There comes a point where inflammation has done its job, and any more 
inflammation will become detrimental to the body. To make sure that 
inflammation is self-modified, the body has created regulation systems that 
usually act through negative feedback. This continued effort of the body to repair 
itself, and then to know when to stop, helps the body maintain homeostasis in the 
face of adversity. It is when these self-modifying systems break down that 
pathological inflammation steps in. Too much inflammation can damage tissues.  
 
 Fatty acids have been studied in the context of inflammation and it has 
been shown that they affect inflammation usually by affecting the fatty acid 
composition of membranes. This alteration in the membranes leads to alterations 
in signaling, gene expression, receptor binding, and many other functions of the 
cell (5). This can have serious consequences for the immune system and for the 
body reacting to infection or foreign microbes. For example, it has been seen that 
certain n-3 and n-6 PUFAs can alter the membrane composition of immune cells 
such as lymphocytes (12). By altering the membrane composition, certain 
elements called lipid rafts are affected. These lipid rafts are involved in cell 
signaling and the signaling cascades that result from interaction with surface or 
intracellular receptors. According to Yaqoob et al, one of the complexes they saw 
affected by PUFAs was the T-cell receptor (TCR) complex. They said that certain 
signaling by the TCR could be affected by polyunsaturated fatty acids (12). If the 
membrane is affected, and signaling is thus affected, down the line gene 
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expression can also be affected (5). This can then have many consequences.  
 
Fatty Acids, Inflammation, and the NFκB pathway 
 Fatty acids are involved in both stimulating inflammation and inhibiting 
inflammation via the nuclear factor kappa-light-chain-enhancer of activated B 
cells (NFκB) transcription factor. This transcription factor has been seen before in 
inflammatory pathways, but it has now been shown that it is affected by fatty 
acids, both saturated and unsaturated (5). For example, LPS starts an 
inflammatory pathway that ultimately results in the activation of NFκB and the 
production of inflammatory cytokines. Some of these cytokines include 
interleukins. However, n-3 polyunsaturated fatty acids seem to inhibit this 
activation of NFκB, hence having anti-inflammatory effects. On the other hand, 
lauric acid, which is a saturated fatty acid, actually activates the NFκB 
transcription factor in dendritic cells and macrophages (5). Thus, saturated fatty 
acids seem to promote inflammation.  
 
 Another interesting correlation between fatty acids and inflammation is that 
fatty acids are also precursors of molecules with anti-inflammatory effects. For 
example, eicosapentaenoic acid (EPA), which is derived from alpha-linolenic 
acid, and docosahexaenoic acid (DHA), which is derived from either arachidonic 
acid or EPA, can lead to the formation of protectins and resolvins. These two 
types of molecules have been shown to have anti-inflammatory effects (5). For 
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example, resolvins and protectins have been shown in studies to inhibit the 
production of certain inflammatory cytokines that prevent neutrophils from 
entering the site of inflammation (Serhan, 2008). By not allowing the neutrophils 
to enter the site of inflammation, they serve as regulators of the inflammatory 
process, preventing excessive tissue damage, as seen in Figure 7.  
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Saturated Fatty Acids and TLRs 
 Saturated fatty acids have been shown to have proinflammatory influence 
and act via a multitude of receptors. Interestingly, toll-like receptors, the same 
group of receptors  that are stimulated by LPS, a gram-negative bacteria 
component, can also be activated by saturated fatty acids (3). When activated, 
TLR signaling pathways are activated and lead to inflammation. Huang et al. 
show, through various experiments, that the activation of TLRs is fatty acid 
specific and not due to remnants of bacterial products. Cells were treated with 
sodium laurate, a saturated fatty acid made up of 12 carbons, and palmitic acid 
with bovine serum albumin (BSA), a saturated fatty acid made up of 16 carbons, 
and the expression of specific inflammatory enzymes and cytokines, 
cyclooxygenase-2 (COX-2) and tumor necrosis factor alpha (TNF-α), 
respectively, was seen and is shown in Figure 8 (3). In other words, treatment 
with saturated fatty acids stimulated an inflammatory pathway.  
Figure 7: The importance of resolvins and protectins in 
preventing excessive inflammation. Resolvins and protectins 
come from fatty acisd such as EPA and DHA. They have anti-
inflammatory effects that help prevent tissue damage. They act by 
not allowing excessive neutrophils to enter the site of 
inflammation. In doing so, resolvins and protectins become like 
mediators of the inflammatory process which are necessary in 
regulating the inflammation (Figure taken from Calder, 2011).  
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Figure 8: Sodium laurate and palmitic acid with BSA but not 
BSA alone, increased the amount of COX-2 and TNF-α that 
resulted. Sodium laurate is a 12 carbon saturated fatty acid, 
palmitic acid is a 16 carbon saturated fatty acid. COX-2 and TNF-α 
are proinflammatory proteins (Calder, 2011). When cells were 
treated with either sodium laurate or palmitic acid with BSA, the 
levels of these proteins increased, indicating an inflammatory 
pathway induced by saturated fatty acids. When treated with BSA 
alone, no increase in levels of the two associated proteins was 
seen. This study concluded that the results seen were from solely 
fatty acids, and not bacterial remnants.  (Figure from Huang 2012).  
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 Another interesting connection is between CD14, TLR, and diet. As 
previously described, CD14 is part of the process of moving TLR to the 
membrane or to different organelles. It helps move TLR to these specific 
locations. Interestingly, there have been studies that then connect CD14 and the 
diet. For example, Laugerette et al. divided groups of mice into different groups 
with different oils in the fatty acids. They wanted to observe the changes resulting 
from these different oils on the metabolism of endotoxin or LPS. They found that 
the palm oil group, as opposed to milk fat, rapeseed or sunflower oil groups, had 
the highest level of IL-6 which as previously described is an inflammatory 
cytokine, as well as the highest levels of expression of TLR4 and CD14 (30). In 
other words, the palm group had the highest levels of inflammation.This signifies 
the effects diet can have on multiple aspects of the inflammatory pathway.  
 
TLRs and Inflammation in Obesity 
 
 As described previously, more than one-third of US adults are obese. 
Because of this, it has become extremely important to study the repercussions 
and consequences in a disease related context of obesity and related 
syndromes, such as metabolic syndrome. Obesity is characterized by an excess 
of free fatty acids circulating in the body. This irregularity in adipose tissue 
causes several things to occur. For example, molecules such as monocyte 
chemotactic protein (MCP-1) are released. This in turn causes an excess release 
of macrophages, which leads to an inflammatory pathway. For example, 
inflammatory proteins are released and initiate a cascade of inflammatory events 
 25 
as seen in Figure 9 (14). This has extremely important implications due not only 
to the rise in obesity, but also the diseases that can result from obesity such as 
cardiovascular disease.  
 
 Furthermore, just like LPS can activate TLRs in the body, so can free fatty 
acids, as described previously in the study of saturated fatty acids such as 
sodium laurate and palmitic acid. For example, Youssef-Elabd et al. showed that 
when adipocytes were exposed to saturated fatty acids, the toll-like receptor 
TLR4 was stimulated, leading to the inflammatory NFκB pathway (29).  This 
ultimately led to the production of key inflammatory proteins such as TNF-α and 
interleukin 6 (IL-6) (14).  
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Figure 9: The toll-like receptors TLR2 as well as TLR4 involved in obesity 
which ultimately lead to inflammation, as well as insulin resistance. 
Several molecules can activate toll-like receptors including LPS, part of gram-
negative bacteria, or free fatty acids. The irregularity of adipose tissue in 
obesity causes an increase in macrophages which have TLR2 or TLR4 or 
both. The macrophages are depicted in blue and green. This increase 
ultimately leads to an inflammatory pathway. Finally, proteins associated with 
increased inflammation are released such as TNF-α. This process can 
ultimately lead to insulin resistance which exacerbates the obesity, as well as 
related diseases such as cardiovascular disease (figure taken from Jialal, 
2013). 
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DIET AND THE MICROBIOME 
 
 Diet and fatty acid intake can affect the microbiome, which in turn has 
repercussions for one’s health and immune system’s responses (2). There are 
many instances in science where diet is connected to the immune system and 
increasingly it appears this connection is due to the microbiome’s role in immune 
responses. For example, leptin is a protein that modifies the diet by inhibiting 
one’s appetite. It regulates both food intake and appetite by acting on the brain to 
control these factors. Interestingly, leptin is also a cytokine which stimulates the 
increase of T helper cells. In addition, it also increases the amount of neutrophils, 
as well as macrophages (2). Turnbaugh et al. also showed that leptin deficient 
and obese mice had different taxonomic microbiota in their gut (15).  
 
 Another similarity between diet, the immune system, and the microbiome is 
seen in the TCR complex described previously. When, for example, there is a 
foreign microbe present in the body, the body reacts with both the innate and 
adaptive immune system. Part of the adaptive immune system involves recruiting 
T cells to the area of infection or antigen presence. When T cells are stimulated 
by said antigen, the TCR forms a complex involving many other proteins and 
molecules. This interaction needs sustenance; in other words, an increase in the 
need for amino acids, as well as glucose, is seen. Without this increase, there is 
a faulty immune response and the T cells do not have everything they need to 
become activated (2). This has implications for malnutrition because without the 
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necessary nutrients, the immune system and its responses may be 
compromised.  
 
  Finally, short chain fatty acids are another connection between diet, the 
immune system, and the microbiome. The short chain fatty acids are actually the 
final result of macronutrient breakdown by microbes, since humans cannot break 
down certain molecules such as plant polysaccharides (2). Thus, these microbes 
are needed so that they can use their own enzymes to break down these 
molecules and the links connecting them. Peng et al. describe the link between 
these short fatty chain acids and the immune system. They show that the short 
chain fatty acid butyrate helps keep the intestinal epithelial barrier and its function 
strong. By doing so, it can help prevent extra infections by microbes that get 
through the barrier or an increased amount of inflammation (16).  
 
 Turnbaugh et al further illustrated the importance of the diet on the 
microbiome and thus a person’s health and immune system. Their model 
included mice that had human fecal microbes transplanted. These mice were 
particularly specific – they were germ-free C57BL/6J mice. These mice are 
particularly imperative because they are grown up germ-free, thus with no 
exposure to microbes. This way they can be colonized with a variety of microbes 
and thus studied by scientists in regards to several aspects, in this case diet. As 
seen in Figure 10, the mouse feces was studied after one day, one week, and 
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then one month while on a low-fat, plant polysaccharide rich (LF/PP) diet. After 
this allotted amount of time, the mice were then put on a high-fat, high-sugar 
Western diet. Every week, their fecal samples were taken and studied. This 
lasted for about two months. The scientists found that even after just one day, 
when switiching between the two diets, the entire structure of the microbiota was 
changed and the microbiome gene expression was different as well and this 
effect lasted about two months (17). So although the microbiota was first given to 
the mice to represent a mouse microbiome, it was easily changed by diet.  
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The Microbiome and Cancer 
   
 Schwabe et al. describe the relationship between the microbiota and the 
host as a “super organism” in which both benefit from the relationship, 
contributing in different ways (18). The most common example is the microbiota’s 
contribtion of vitamins that the host alone cannot attain. Although this relationship 
is usually beneficial, if there is any dysregulation in the relationship, there is room 
for disease, infection, and in this case cancer. Table 2 shows examples of 
different cancers and the microbiota involved in each one.  
 
 
 
 
 
 
 
Figure 10: Experiment showing the effect of diet on the microbiome in 
germ-free mice. Mice were all fed a low-fat and plant polysaccharide-rich 
diet for a month, and then mice were switched onto a high fat western diet. 
Mice were studied daily, weekly, and monthly, and after two months on the 
western diet were killed. The figure illustrates the difference found in the 
microbiota between the two groups, the low fat diet group and the western 
diet group. The experiment concluded that within a day the microbiome was 
changed by the diet (figure from Turnbaugh, 2009).  
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 The body prevents this dysregulation in several ways. For example, the 
stomach’s pH is extremely low, or acidic, so that it can kill any foreign molecules 
that may escape from the intestine or that are externally ingested. The gut also 
Table 2: Various cancers and their associated microbiota. Table 
taken from Schwabe, 2013.   
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has a mucosa layer that helps protect it from invaders as well. These barriers are 
usually closely associated with the immune system. For example, lymphocytes 
serve as a barrier in the gut as well as in the skin. One of the best examples that 
illustrates a break in a barrier is ulcerative colitis, where the barrier in the 
intestine is broken which increases the risk of carcinogenesis (18).  
 
 The toll-like receptors previously described have also been shown to be 
involved in carcinogenesis. By becoming stimulated by LPS, or another 
stimulant, their activation leads to certain cell-surviving pathways, such as the 
NFκB pathway. This makes sense in the context of cancer since cancer is 
defined as the unmediated growth of cells. They have also been shown to have 
tumor developing properties by studying TLR4 knockout mice (18).  
 
 More specifically, there have been studies showing a relative correlation 
between the microbiome and colorectal cancer (19). For example, Mccoy et al. 
show that there is a greater amount of Fusobacterium in the mucosa of the 
rectum in patients that have colorectal cancer as opposed to patients that were 
healthy and acted as controls as seen in Figure 11 (20). The microbiota in the gut 
may also cause the release of certain toxic molecules such as phenols or 
hydrogen sulfide. This may further exacerbate inflammation and the cancer (19).  
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The Microbiome, Cancer, and Diet 
 Because the microbiota are closely involved in the host’s metabolism, it is 
no surprise that there have been correlations between the host’s diet, the 
microbiome, and cancer. For example, cancer may be affected metabolically by 
the generation of bile acids which promote the formation of tumors (18). For 
example, Schwabe et al. describe the process by which the microorganisms in 
the gut affect the metabolism of bile acid. This is affected by one’s diet because it 
Figure 11: The difference in number of Fusobacterium found in 
patients’ rectal biopsies between adenoma patients and non adenoma 
patients. The adenoma patients had far higher amounts of the microbiota 
Fusobacterium in their rectal biopsises than healthy controls (figure from 
Mccoy, 2013).  
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was seen that a high-fat diet actually changed the gut microbiome and in turn 
increased the level of a bile acid called DCA. This bile acid has been associated 
with certain cancers, including colon and oesophogeal cancer (18). 
 
 Shapira et al. also show the relationship of diet, the microbiome, and cancer 
in the context of breast malignancy. Dysbiosis is essentially an altered 
microbiome that comes after external pressures such as diet or antibiotics. They 
found that dysbiosis actually lowers the number of lymphocytes, while increasing 
the ratio of neutrophils to lymphocytes. This in turn caused a lowered survival of 
women with breast cancers (21). According to Shapira et al., another way that 
dysbiosis affects breast cancer is its involvement in circulating estrogens in the 
entero-hepatic system which can contribute to breast cancer.  
 
 
 
DIET, INFLAMMATION, MICROBIOME, AND OFFSPRING 
 Several tudies have focused on different ways the microbiome can be 
passed on from mother to child. For example, previously the womb was thought 
to be a sterile environment, in which the child is born sterile. However, recent 
evidence shows that the maternal microbiome may actually be passed on during 
this time. In other words, the child may have an initial microbiome before it’s born 
because of the mom’s contribution while in the womb and then later on is 
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affected by breast milk. The authors go through details in which maternal 
transmission occurs, such as in marine invertebrates, terrestrial invertebrates, 
and vertebrates, highlighting the fact that throughout the animal kingdom this 
transmission exists. They also highlight the importance of the microbiome and its 
contribution to the genetics and function of humans (24).  
 
 Breast milk has long been a topic of research due to its direct interaction 
with offspring and for its many properties. As Kau et al. explains, breast milk 
contains antibodies necessary for the offspring to fight disease. Breast milk is 
actually essential in this role, providing offspring with a huge barrier to disease 
before they can build up their own antibodies. Breast milk may also contain other 
crucial components that help the body function properly and defend against 
infection such as antimicrobial enzymes, as well as cytokines and antibodies (2).  
 
 Another important aspect is the mother’s diet and its effects on the breast 
milk. This has been correlated with inflammation and the microbiome in several 
studies. For example, Hoppu et al. says that “the mother’s diet determines the 
fatty acid composition and the concentration of vitamins in breast milk, while the 
influence on mineral, trace element and electrolyte concentration appears 
relatively limited” (22).  Because breast milk is essential to a child’s health, 
especially an atopic child (a child prone to allergies), the mother’s diet becomes 
even more crucial since the mother’s diet directly effects the make up of breast 
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milk. In Hoppu’s study, they measured the food and nutrient intake that mothers 
had while they were breastfeeding. The offspring in this case were stratified as 
either low or high risk of atopic sensitization after a year. This group confirmed 
that the so-called Western diet intake by mothers can increase the risk for atopic 
sensitization. It is especially important in children whose only source of intake for 
nutritional resources and immune response resources comes from breast milk. 
The study team explains that this may be due to other research done that shows 
that polyunsaturated fatty acids can increase the risk of atopy. One mechanism 
proposed is by an unsaturated fatty acid being changed into prostaglandin E2 
which supports the creation of immunoglobulin E.  
 
 In another study, mice mothers were fed the Western diet which created a 
“toxic” milk that contains fatty acids that are both saturated and that have long 
chains. This in turn causes inflammation in the offspring that nurse using the 
toxic milk. The scientists found that this involved TLR4 and the related TLR2, 
another TLR responsible for sensing bacterial products. On the other hand, they 
found that the gut microbiota was not involved. They did this in the two ways; 
they either inhibited the TLRs or they deleted them. In both of these cases, the 
offspring no longer had the same sensitization. In contrast, when mice were 
raised germ-free, the sensitization prevailed (23). This causes speculation into 
the relation of the mother-child barrier, where many things are passed between 
the two. Figure 12 shows the mice used and their development of alopecia as 
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well as the skin of the offspring from Western diet moms and their irregular skin.  
 
Figure 12: The offspring of mothers fed a Western diet. The top figure 
is the alopecia they developed, while the bottom picture is the skin 
dysregulation that resulted (Figure taken from Du, 2012).  
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 Several studies have been done to show the affects of a high-fat maternal 
diet in other disease contexts as well. One particular study investigated the 
effects of high fat maternal diet on three systems: the renal sympathetic nerve 
activity of the offspring, the sensitivity of offspring to leptin and ghrelin, and finally 
on the blood pressure of offspring (25).  
 
 Leptin and ghrelin are diet associated proteins. Leptin is a protein that is 
involved in sending signals to the brain to essentially stop eating because the 
body is full and does not need any more food. Ghrelin is like leptin’s counterpart. 
It essentially tells the body that it is hungry and it needs food. There are higher 
levels of ghrelin before eating and then it lowers after eating, which correlates 
with the fact that it tells the body that it’s full.  
  
 Prior et al. used rabbits and what was found was that the rabbits with 
mothers that ate a high fat diet had an altered cardiovascular system because of 
an irregular sensitivity to leptin and ghrelin. It was found that these rabbits with 
mothers that ate a high fat diet had an increased mean arterial pressure and 
heart rate. In addition, they also had an increase in renal sympathetic nerve 
activity (25). The sympathetic nervous system is associated with “fight or flight” or 
in other words, an increase in stress. So it makes sense that these rabbits with 
increased nerve activity in the sympathetic nervous system also had blood 
pressure. The rabbits that came from mothers that were fed the high fat diet also 
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had altered response to the leptin and ghrelin. They had higher levels of 
sympathetic activity to induced by leptin and ghrelin than the control rabbits (25). 
Figure 13 shows the increase in the three factors, arterial pressure, heart rate, 
and renal sympathetic nerve activity.  
  
 Another study done by Valtonen et al. describes the effects that not just one 
parent has on an offspring, but that both the father and mother have on the 
offspring. They studied three factors and the way that the parents’ individual 
diets, whether a “poor diet” or standard diet, affected these three factors. The 
poor diet was different in the fact that it had 1/8 the amount of brewer’s yeast that 
the standard diet did. They first studied the development time and found that the 
ones that took longest to develop were those that had parents who were both on 
the poor food diet. By “develop”, the scientists meant to study offspring 
development time. They then studied the adult body size and found that females 
who were fed a poor diet had offspring who were larger, as opposed to females 
that were on a standard diet who had offspring that were smaller. Similarly, those 
male offspring that had fathers that were on the poor diet actually ended up being 
larger than the male offspring from standard diet fed fathers. Finally, the last 
factor of the three was their resistance to the bacteria Serratia marcescens. 
There was nothing found on the effects of the mother or the father’s diets on the 
resistance to this bacteria in the offspring (26), indicating that a diet poor in 
brewer’s yeast does not affect the immune system the way a high fat diet does.  
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Figure 13: The increase in arterial pressure and heart rate in the 
group of rabbit offspring whose mothers were fed a high fat diet. 
Both arterial pressure and heart rate, as well as renal sympathetic 
nerve activity (not shown) increased in rabbit offspring whose mother 
ate a high fat diet. This was due to increased sensitivity to leptin and 
ghrelin (Figure from Valtonen, 2013).  
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 Although this study did not directly deal with a Western diet or fatty acids 
and their intake by parents and thus the effects on the offspring, this study was 
very important in understanding several other things. For example, it illustrated 
that both parents contribute, not just one. The mother may be contributing 
through her microbiome and the father through gene modifications, or there may 
be several other factors at play.  
 
 It would be interesting to study the effects of a high fat maternal diet in 
combination with alterations in the gut microbiota on the factors thus far 
discussed such as an offspring’s weight, the amount of fat or adipose tissue, and 
the function of the gut. One study did just this by interestingly not only feeding 
rats a high fat diet, versus a standard diet control group, but also adding 
Escherichia coli (E.coli) to the water of some of the offspring (27). The study 
team measured several factors including the rat offspring’s weight, the amount of 
fat deposited, the enzymes in the pancreas, the organ growth in the 
gastrointestinal tract, as well as the intestine’s enzymes and their activity as well 
as permeability. They found that the factors of weight and fat deposition were 
actually increased in the offspring who had mothers who ate the high fat diet. In 
addition, they had a decrease in intestinal proteins and enzyme activity in the 
small intestine (27). The most unique part of this experiment was the fact that 
they then added E. coli to the water of some of the rat offspring. This addition 
was found to exacerbate all of the responses found in the offspring with mothers 
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that had eaten a high fat diet. Additionally, they were found to have an increased 
intestinal permeability (27). This is especially interesting because although 
studies in the past have focused on diet effects on offspring, none have gone to 
this depth in exploring the effects on intestinal function and permeability. Figure 
14 shows the effects of E.coli on the offspring’s weight and its exacerbating 
effects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: The exacerbating effects of Escherichia coli on the rat 
offspring’s weight. In this study by Fak et al., the rat mothers were 
fed either a high fat diet or a standard diet as a control. The rat 
offspring were then tested at day 14 for several different factors 
including their weight, the amount of fat deposited, their intestinal 
activity, as well as the enzymes in both the intestines and the 
pancreas. Interestingly, this team then added E.coli to the water of 
some of the rat offspring and found that this exacerbated the results, 
such as higher fat, more fat deposition, and decreased intestinal 
enzyme activity, that was found in the rat offspring from others fed high 
fat diets.  
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  In correlation with the effects of diet on the intestinal activity and 
microbiome of offspring, Perin et al. proposed a study to analyze the effects on 
postweaning rats and whether there would be similar intestinal activity as the 
intestinal activity of nursing rats of mothers on high fat diet. Just as different 
levels of lipids in a mother’s diet can affect the offspring and have modifications 
in the uptake of lipids as well as sugars by the intestine, the same results were 
seen in postweaning rats indicating maternal diets alter their breast milk, which 
can subsequently alter the offspring microbiome (28). They aimed at determining 
whether if the rats were kept on the same diet that the mother had consumed, 
they would have the same modifications in intestinal uptake of nutrients. The 
study found that by changing the lipids in the diet, the intestine actually modifies 
itself to adapt to this new diet.  
 
CONCLUSION 
 A recent study done by Myles et al. embodies the very concepts explored in 
this manuscript in a well-rounded and thorough way (33). The group separated 
mice into two diet groups. The first was called Western diet which aimed to 
represent the typical western diet with high fat content. The other group was the 
Low Fat diet which was the standard mouse chow. The breeders, or parents, 
were on these diets for weeks and stayed on this diet throughout. The offspring 
on the other hand, were exposed to their parent’s diets during gestation and 
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lactation, but were weaned on to the low fat diet, and stayed on the low fat diet 
for three weeks. That way, the only difference between these offspring were the 
diet they received during gestation and lactation. After about three weeks of 
these mice offspring on the low fat diet, they were challenged with three different 
models of disease. The first was infection, in which they were injected with E.coli 
or Staph. aureus. The second model used was one of autoimmunity. In this case, 
the team used an animal model of Multiple Sclerosis. Finally, the last model used 
was of allergies. In this case, peanut was gavaged into the mice for 4 weeks, and 
on the 5th week they were challenged. Interestingly, in all three models the 
western diet mice fared worse. The team additionally studied the reasons for 
these results. They studied the effects the father may contribute, by studying 
gene modifications. They also studied the effects the mother may contribute, by 
studying the microbiome make up. To understand which effect was stronger, they 
co-housed mice for 3-4 weeks. They found that the father was not responsible, 
because the immune changes went away with microbiome changes even though 
the gene modifications did not. So whatever the role the father plays, it is less 
important than the mother’s contribution. Figure 15 shows Myles et al.’s study set 
up (33).  
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 The importance of health and diet is becoming increasingly alarming 
because of the mass amount of studies finding critical evidence of implications 
involved in high fat diets and its detrimental effects on disease susceptibility and 
especially on offspring. Over one-third of US adults were found to be obese in 
2009-2010 and the number seems to be growing. Thus, it is especially important 
to explore this field. Another component involved is the microbiome, now known 
to be affected by one’s diet. Not only can it affect the individual directly, but it 
Figure 15: The study set up used by Myles et al. to study the 
effects of diet on disease susceptibility and the microbiome. 
The team constructed a study set up to bring all the concepts of 
diet, inflammation, microbiome, and offspring together.  
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may also affect one’s offspring. This is crucial to study because the microbiome 
alone contributes much genetic variation to humans. With the new process of 
high throughout sequencing, it is now easier to find the variability in the 
microbiota contained in humans, as well as in mice or rats used in studies. By 
studying the variation in microbiota in different parts of the body, scientists can 
find new areas to target when attempting to fight certain diseases or states such 
as inflammation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 47 
REFERENCES 
 
1. American Autoimmune Related Diseases Association, Inc. (2013). 
Autoimmune statistics. Retrieved, April 6, 2013, from 
https://www.aarda.org/autoimmune_statistics.php 
 
2. Kau, A., Ahern, P., Griffin, N., Goodman, A., & Gordon, J. (2011). Human 
nutrition, the gut microbiome, and immune system: envisioning the future. 
Nature, 474(7351), 327-336. 
 
3. Huang, S., Rutkowsky, J., Snodgrass, R., Ono-Moore, K., Schneider, D., 
Newman, J., Adams, S., & Hwang, D. (2012). Saturated fatty acids 
activate tlr-mediated proinflammatory signaling pathways. Journal of Lipid 
Research, 53(9), 2002-2013. 
 
4. Shi, H., Kokoeva, M., Inouye, K., Tzameli, I., Yin, H., & Filer, J. (2006). 
Tlr4 links innate immunity and fatty acid–induced insulin resistance. The 
Journal of Investigation, 116(11), 3015-3025. 
 
5. Calder, P. (2011). Fatty acids and inflammation: the cutting edge between 
food and pharma. European Journal of Pharmacology, 668(1), S50-S58. 
 
6. Cani, P., Amar, J., Iglesias, M., Poggi, M., Knauf, C., Bastelica, D., 
Neyrinck, A., Fava, F, Tuohy, K., Chabo, C., Waget, A., Delmée, E., 
Cousin, B., Sulpice, T., Chamontin, B., Ferriéres, J., Tanti, J., Gibson, G., 
Casteilla, L., Delzenne, N., Alessi, M., & Burcelin, R. (2007). Metabolic 
endotoxemia initiates obesity and insulin resistance. Diabetes, 56(7), 
1761-1762. 
 
7. Galli, C., & Calder, P. (2009). Effects of fat and fatty acid intake on 
inflammatory and immune responses: A critical review. Annals of Nutrition 
and Metabolism, 55(1), 123-139. 
 
8. Lu, Yong-Chen, Wen-Chen Yeh, and Pamela Ohashi. "LPS/TLR4 Signal 
Transduction Pathway." Cytokine 42 (2008): 145-51.  
 
9. Zanoni, I., R. Ostuni, L. Marek, S. Barresi, R. Barbalat, G. Barton, F. 
Granucci, and J. Kagan. "CD14 Controls the LPS-Induced Endocytosis of 
Toll-like Receptor 4." Cell 147 (2011): 868-80.  
 
10. Cho, Ilseung, and Martin Blaser. "The Human Microbiome: At the Interface 
of Health and Disease." Nature 13 (2012): n. pag.  
 
 48 
11. Ogden, Cynthia, Margaret Carroll, Brian Kit, and Katherine Flegal. 
"Prevalence of Obesity in the United States, 2009–
2010."Http://www.cdc.gov/nchs/data/databriefs/db82.pdf. US Department 
of Health and Human Services, Jan. 2012.  
 
12. Yaqoob, P., and PC Calder. "Understanding Omega-3 Polyunsaturated 
Fatty Acids."Postgraduate Medicine 121 (2009): 148-57. 
 
13. Serhan, CN, N. Chiang, and TE Van Dyke. "Resolving Inflammation: Dual 
Anti-inflammatory and Pro-resolution Lipid Mediators." Nature Review 
Immunology 8.5 (2008): 349-61.  
 
14. Jialal, I., H. Kaur, and S. Devaraj. "Toll-like Receptor Status in Obesity and 
Metabolic Syndrome: A Translational Perspective." Journal of Clinical 
Endocrinology and Metabolism 19.1210 (2013): n. pag.  
 
15. Turnbaugh, P., R. Ley, M. Mahowald, V. Magrini, E. Mardis, and J. 
Gordon. "An Obestiy-associated Gut Microbiome with Increased Capacity 
for Energy Harvest." Nature 28th ser. 444.21 (2006): n. pag.  
 
16. Peng, L., Z. He, W. Chen, I. Holzman, and J. Lin. "Effects of Butyrate on 
Intestinal Barrier Function in a Caco-2 Cell Monolayer Model of Intestinal 
Barrier." Pediatric Research 61.1 (2007): 37-41.  
 
17. Turnbaugh, P., V. Ridaura, J. Faith, F. Rey, R. Knight, and J. Gordon. 
"The Effect of Diet on the HUman Gut Microbiome: A Metagenomic 
Analysis in Humanized Gnotobiotic Mice." Genetics and Diet 6ra14 1.6 
(2009): n. pag.  
 
18. Schwabe, RF, and C. Jobin. "The Microbiome and Cancer." Nature 
Review Cancer 13.11 (2013): 800-12.  
 
19. Birt, Diane, and Gregory Phillips. "Diet, Genes, and Microbes: 
Complexities of Colon Cancer Prevention." Toxicologic Pathology (2013): 
1533-601.  
 
20. McCoy, Amber, Felix Araujo-Perez, Andrea Azcarate-Peril, Jen Jen Yeh, 
Robert Sandler, and Temitope Keku. "Fusobacterium Is Associated with 
Colorectal Adenomas." PLOS One E53653 8.1 (2013): n. pag.  
 
21. Shapira, I., K. Sultan, A. Lee, and E. Taioli. "Evolving Concepts: How Diet 
and the Intestinal Microbiome Act as Modulators of Breast Malignancy." 
ISRN Oncology 693920 (2013): 1-10.  
 
 49 
22. Hoppu, U., M. Kalliomaki, and E. Isolauri. "Maternal Diet Rich in Saturated 
Fat during Breastfeeding Is Associated with Atopic Sensitization of the 
Infant." European Journal of Clinical Nutrition 54 (2000): 702-05.  
 
23. Du, Y., M. Yang, and S. Lee. "Maternal Western Diet Causes 
Inflammatory Milk and TLR2/4-dependent Neonatal Toxicity." Genes & 
Development 26 (2012): 1306-311.  
 
24. Funkhouser, LJ, and SR Bordenstein. "Mom Knows Best: The Universality 
of Maternal Microbial Transmission." PLoS Biology 11.8 (2013): n. pag.  
 
25. Prior, L., P. Davern, S. Burke, K. Lim, J. Armitage, and G. Head. 
"Exposure to a High-Fat Diet During Development Alters Leptin and 
Ghrelin Sensitivity and Elevates Renal Sympathetic Nerve Activity and 
Arterial Pressure in Rabbits." Hypertension 63 (2013): n. pag.  
 
26. Valtonen, T., K. Kangassalo, M. Polkki, and M. Rantala. 
"Transgenerational Effects of Parental Larval Diet on Offspring 
Development Time, Adult Body Size and Pathogen Resistance in 
Drosophila Melanogaster." PLOS One E31611 7.2 (2012): n. pag.  
 
27. Fak, F., CLJ Karlsson, G. Molin, and B. Westrom. "Effects of a High-fat 
Diet during Pregnancy and Lactation Are Modulated by E.coli in Rat 
Offspring." International Journal of Obesity 36 (2012): 744-51.  
 
28. Perin, Nilza, Elizabeth Cyrta-Jarocka, Monika Keelan, Tom Clandinin, and 
Alan Thomson. "Dietary Lipid Composition Modifies Intestinal Morphology 
and Nutrient Transport in Young Rats." Journal of Pediatric 
Gastroenterology & Nutrition 28.1 (1999): 46-53.  
 
29. Youssef-Elabd, E., K. McGee, G. Tripathi, N. Aldaghri, M. Abdalla, H. 
Sharada, E. Ashour, A. Amin, A. Ceriello, J. O'Hare, S. Kumar, P. 
McTernan, and A. Harte. "Acute and Chronic Saturated Fatty Acid 
Treatment as a Key Instigator of the TLR-mediated Inflammatory 
Response in Human Adipose Tissue, in Vitro." Journal of Nutritional 
Biochemistry 23 (2012): 39-50.  
 
30. Laugerette, F., JP Furet, C. Debard, P. Daira, E. Loizon, A. Geloen, CO 
Soulage, C. Simonet, J. Legils-Lacourtablaise, N. Bernoud-Hubac, J. 
Bodennec, N. Peretti, H. Vidal, and MC Michalski. "Oil Composition of 
High-fat Diet Affects Metabolic Inflammation Differently in Connection with 
Endotoxin Receptors in Mice."American Journal of Physiology 302 (2012): 
374-86.  
 
 50 
31. "Sepsis Facts." World Sepsis Day. Global Sepsis Alliance, 13 Sept. 2013. 
 
32. Centers for Disease Control and Prevention (CDC). 2004. Trends in intake 
of energy and macronutrients–United States, 1971-2000. MMWR Morb. 
Mortal. Wkly. Rep. 53: 80–82. 
 
33. Myles, I., N. Fontecilla, B. Janelsins, P. Vithayathil, J. Segre, and S. Datta. 
"Parental Dietary Fat Intake Alters Offspring Microbiome and 
Immunity." Journal of Immunology191.6 (2013): 3200-209 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 51 
VITA 
 52 
                     
 53 
 
 
 
 
